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ABSTRACT 



A semiconductor device includes a base P region, a source 
N + region, and a drain N* region formed in a surface layer 
portion on a principal surface in an N~ silicon layer. In the 
surface layer portion on the principal surface, an N well 
region is formed deeper than the drain N* region in a region 
including the drain N* region and is in contact with the base 
P region. A trench is formed so as to penetrate the base P 
region in a direction toward the drain N + region from the 
source N + region as a planar structure. A gate electrode is 
formed via a gate insulating film in the inside of the trench. 

15 Claims, 28 Drawing Sheets 
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HORIZONTAL MOS TRANSISTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon, claims the benefit of 
priority of, and incorporates by reference the contents of 
Japanese Patent Application No. 2002-367067 filed Dec. 18, 
2002 and Japanese Patent Application No. 2003-348865 
filed Oct. 7, 2003. 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor device, 
and, more particularly, to a horizontal MOS transistor. 

BACKGROUND OF THE INVENTION 

A semiconducior device such as that disclosed in JP-A- 
2001-274398 has a structure as shown in FIGS. 40A^0B. 
A base P region 101 is formed in a surface layer portion on 
a principal surface 100a in an N~ silicon substrate 100, and 
a source N + region 102 is formed in a surface layer portion 
on the principal surface 100a inside the base P region 101. 
Moreover, an N + region 103 is formed apart from the base 
P region 101 in the surface layer portion on the principal 
surface 100a. In addition, a trench 104 is formed in the 
principal surface 100a of the N" silicon substrate 100 to 
penetrate the base P region 101 in a direction toward the 
drain N + region 103 from the source N + region 102 as a 
planar structure thereof. In the inside of the trench 104, a 
gate electrode (not shown) is formed via a gate insulating 
film (not shown). A source electrode (not shown) is electri- 
cally connected to the source region 102, and a drain 
electrode (not shown) is electrically connected to the drain 
region 103. 

With such a structure, an electric current passage can be 
extended in a depth direction in a trench gate, and an ON 
resistance can be reduced. 

However, taking measures against a surge into account, 
there is the following problem to be solved. A surge pen- 
etrating from the drain N + region 103 flows up to a deep 
portion of the N" silicon substrate 100, and penetrates into 
the base P region 101 from a corner portion of the base P 
region 101 where electric fields tend to concentrate. Then, 
the surge flows in a vertical direction in the base P region 
101 to reach the ground from the source electrode. 
Therefore, since a resistance in the vertical direction of the 
base P region 101 acts as a base parasitic resistance to cause 
a parasitic bipolar transistor, which is constituted by the 
source N + region 102, the base P region 101, and the N" 
layer (100), to be easily turned ON, the semiconductor 
device is susceptible to the surge. 

SUMMARY OF THE INVENTION 

The present invention has been devised in view of such a 
background, and it is an object of the invention to provide 
a semiconductor device, which realizes reduction of an ON 
resistance and is resistant to a surge, and a method of 
manufacturing the same. 

A first aspect of the invention is a semiconductor device 
that is provided with a trench. The trench is formed from a 
principal surface of a semiconductor substrate to penetrate a 
base region in a direction toward a drain region from a 
source region as a planar structure thereof. Thus, by adopt- 
ing a trench gate structure, an electric current passage can be 
extended in a depth direction, and the ON resistance can be 
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reduced. In addition, the semiconductor device is also pro- 
vided with a well region. The well region includes the drain 
region in a surface layer portion on the principal surface. The 
well region is formed deeper than the drain region and with 
5 a higher concentration than the semiconductor substrate in a 
region in contact with the base region, and has a first 
conductivity type. Thus, a surge having penetrated from the 
drain region penetrates into the well region and flows on a 
surface side of the base region through the well region 
|Q having a low resistance to be absorbed in the ground by a 
source electrode. Therefore, since the surge never flows in a 
vertical direction in the base region, a parasitic resistance of 
the base region decreases, and the semiconductor device 
becomes resistant to the surge. 

A second aspect of the invention is a semiconductor 
device which is provided with a trench. The trench is formed 
from a principal surface of a semiconductor substrate to 
penetrate a base region in a direction toward a collector 
region from an emitter region as a planar structure thereof. 
Thus, by adopting a trench gate structure, an electric current 
20 passage can be extended in a depth direction, and the ON 
resistance can be reduced. In addition, the semiconductor 
device is also provided with a well region. In a surface layer 
portion on the principal surface, this well region is formed 
deeper than the collector region and with a higher concen- 
25 tration than the semiconductor substrate in. a region includ- 
ing the collector region and is in contact with the base 
region. The well region has a first conductivity type. Thus, 
a surge having penetrated from the collector region pen- 
etrates the well region and flows on a surface side of the base 
30 region through the well region having a low resistance to be 
absorbed in the ground by an emitter electrode. Therefore, 
since the surge never flows in a vertical direction in the base 
region, a parasitic resistance of the base region decreases, 
and the semiconductor device becomes resistant to the surge. 
35 In a third aspect of the invention, in the semiconductor 
device of the first or the second aspect of the invention, at 
least in the surface layer portion on the principal surface in 
the base region, a base contact region of a second conduc- 
tivity type, which is shallower and has a higher concentra- 
40 tion than the base region, is formed between the source 
region or the emitter region and the drain region or the 
collector region. Consequently, as shown in FIG. 38, there is 
little parasitic resistance in a horizontal direction in the base 
region at the time when a surge penetrates. Thus, an increase 
45 in a base potential is small, and a parasitic diode between the 
base region and the source region or the emitter region 
operates less easily. As a result, a parasitic bipolar transistor 
constituted by the substrate, the base region, and the source 
region or the emitter region operates less easily, whereby 
5 o concentration of electric currents can be prevented. 

In a fourth aspect of the invention, in the semiconducior 
device in any one of the first to the third aspects of the 
invention, the concentration increases continuously from a 
bottom to a surface in the well region. Then, a surge is flown 
55 to the surface of the well region, whereby it becomes easy 
to flow the surge to a surface of the base region, and a path 
of the surge in the base region is shortened. Consequently, 
a parasitic base resistance can be reduced to suppress an 
increase in a potential of the base region, and a surge current 
60 capacity can be improved. 

In a fifth aspect of the invention, in the semiconductor 
device in the third aspect of the invention, the base contact 
region is formed apart from the trench, and a gate electrode 
is formed on the principal surface via a gate insulating film. 
65 Then, a region operating as a channel can be formed on the 
principal surface of the semiconductor substrate to decrease 
the ON resistance. 
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In a sixth aspect of the invention, in the semiconductor 
device in any one of the first to the fifth aspects, the 
semiconductor device has an embedded layer of a first 
conductivity type, which has a higher concentration than the 
semiconductor substrate, in a bottom of the semiconductor 5 
substrate, and a bottom surface corner portion of the trench 
is made deeper than the well region and shallower than the 
embedded layer. Then, the vicinity of the bottom surface 
comer portion of the trench where electric fields tend to 
concentrate can be turned into a region with a low impurity 10 
concentration to prevent the concentration of electric fields 
and improve a withstand voltage. 

In a seventh aspect of the invention, in the semiconductor 
device in any one of the first to the sixth aspects, a gate 
electrode is arranged in an opening of the source region or 15 
the emitter region on a side of the trench. Then, the semi- 
conductor device becomes preferable for practical use. 

In an eighth aspect of the invention, in the semiconductor 
device in any one of the first to the fifth and the seventh 
aspects, an SOI substrate is used, and the trench is formed 20 
to reach an embedded insulating film of the SOI substrate. 
Then, a trench for device separation and a trench for gate can 
be created simultaneously. 

In a ninth aspect of the invention, in the semiconductor 
device in any one of the first to the fifth, the seventh, and the 
eighth aspects, an SOI substrate is used, and a thickness of 
a semiconductor layer on an embedded insulating film in the 
SOI substrate is made equal to a depth of the well region. 
Then, by reducing a film thickness of the semiconductor 
layer as much as possible, a depth of a trench for device 
separation can be reduced, and cost for etching in creating 
the trench by etching can be reduced. 

In a tenth aspect of the invention, in the semiconductor 
device in any one of the first to the ninth aspects, the drain 35 
region or a collector region and the well region form an 
island shape, and the base region exists around the regions. 
Then, the semiconductor device is preferable in improving 
a surge current capacity. 

In an eleventh aspect of the invention, in the sernicon- 40 
ductor device in any one of the first to the ninth aspects, a 
source cell or an emitter cell and a drain cell or a collector 
cell are arranged alternately lengthwise and crosswise adja- 
cent to each other. Then, the semiconductor device is pref- 
erable for practical use. 45 

In a twelfth aspect of the invention, in the semiconductor 
device in any one of the first to the ninth aspects, at least a 
source contact or an emitter contact in an outermost circum- 
ference in a group of cells provided in parallel adjacent to 
each other are set larger in size than inner source contacts or 50 
emitter contacts. Then, the semiconductor device is prefer- 
able in improving a surge current capacity. 

In a thirteenth aspect of the invention, in the semicon- 
ductor device in any one of the first to the ninth aspects, a 
base contact region of a second conductivity type having a 55 
higher concentration than the base region is formed in at 
least the surface layer portion on the principal surface in the 
base region in a position, where at least the source region or 
an emitter region in an outermost circumference in a group 
of cells provided in parallel adjacent to each other is planned 60 
to be arranged, instead of the source region or the emitter 
region. Then, the semiconductor device is preferable in 
improving a surge current capacity. 

In a fourteenth aspect of the invention, in the semicon- 
ductor device in the thirteenth aspect, the drain region or the 65 
collector region is surrounded by the source region or the 
emitter region and the base contact region as a planar 



structure. Then, the semiconductor device is preferable in 
improving a surge current capacity. 

In a fifteenth aspect of the invention, a method of manu- 
facturing the semiconductor device in the fifth aspect of the 
invention is provided, which comprises: arranging an insu- 
lating film, in which a region where a base contact is planned 
to be formed is opened as a contact hole, on the principal 
surface after forming the base region, the source region, the 
drain region, the well region, and the trench, and performing 
ion implantation using the insulating film as a mask to form 
a base contact region apart from the trench in the surface 
layer portion on the principal surface. Thus, an impurity for 
forming the base contact region is prevented from diffusing 
to reach the trench. 

In a sixteenth aspect of the invention, a method of 
manufacturing the semiconductor device in the fifth aspect 
of the invention is provided, which comprises: arranging an 
insulating film, in which a region where a base contact is 
planned to be formed is opened as a contact hole, on the 
principal surface after forming the base region, the emitter 
region, the collector region, the well region, and the trench; 
and performing ion implantation using the insulating film as 
a mask to form a base contact region apart from the trench 
in the surface layer portion on the principal surface. Thus, an 
impurity for forming the base contact region is prevented 
from diffusing to reach the trench. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip- 
tion and specific examples, while indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description made with reference to the 
accompanying drawings. In the drawings: 

FIG. 1 is a longitudinal sectional view of a semiconductor 
device in an embodiment; 

FIG. 2 is a plan view of a horizontal power MOS 
transistor in a first embodiment; 

FIG. 3 is a longitudinal sectional view along line III — III 
of FIG. 2: , 

FIG. 4 is a longitudinal sectional view along line IV — IV 
of FIG. 2; 

FIG. 5 is a longitudinal sectional view along lie V — V of 
FIG. 2; 

FIG. 6 is a longitudinal sectional view for explaining an 
action; 

FIG. 7 is a diagram for explaining conditions for a 
simulation; 

FIGS. 8A-8B are illustrations of a horizontal power MOS 
transistor; 

FIGS. 9A-9B are illustrations of another horizontal 
power MOS transistor for comparison; 

FIG. 10 is a longitudinal sectional view showing a hori- 
zontal power MOS transistor; 

FIGS. 11A-11B are illustrations of a horizontal power 
MOS transistor according to a second embodiment; 

FIGS. 12A-12B are longitudinal sectional views for 
explaining a third embodiment; 

FIG. 13 is a longitudinal sectional view showing a manu- 
facturing process; 
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FIGS. 14A-14B are illustrations of a horizontal power 
MOS transistor according to a third embodiment; 

FIG. 15 is a longitudinal sectional view for explaining a 
fourth embodiment; 

FIG. 16 is a longitudinal sectional view showing a manu- 
facturing process; 

FIG. 17 is a longitudinal sectional view showing a manu- 
facturing process; 

FIG. 18 is a longitudinal sectional view showing a manu- 
facturing process; 

FIG. 19 is a longitudinal sectional view showing a manu- 
facturing process; 

FIG. 20 is a longitudinal sectional view showing a manu- 
facturing process; 

FIG. 21 is a longitudinal sectional view showing a manu- 
facturing process; 

FIGS. 22A-22B are illustrations of a horizontal power 
MOS transistor according to a fifth embodiment; 

FIG. 23 is a longitudinal sectional view of the transistor 
along line XXIII— XXIII of FIG. 22A; 

FIG. 24 is a plan view of a horizontal power MOS 
transistor according to a sixth embodiment; 

FIG. 25 is a longitudinal sectional view of the transistor 
along line XXV— XXV of FIG. 24; 

FIG. 26 is a longitudinal sectional view of the transistor 
along line XXVI— XXVI of FIG. 24; 

FIG. 27 is a plan view of a horizontal power MOS 
transistor in a seventh embodiment; 

FIG. 28 is a longitudinal sectional view of the transistor 
along line XXVIII— XXVIII of FIG. 27; 

FIG. 29 is a longitudinal sectional view of the transistor 
along line XXIX— XXIX of FIG. 27; 

FIG. 30 is a longitudinal sectional view of the transistor 
along line XXX— XXX of FIG. 27; 

FIG. 31 is a plan view showing a layout of an external 
circumferential portion in the case in which a layout of a 
stripe shape is adopted; 

FIG. 32 is a plan view of a horizontal power MOS 
transistor according to an eighth embodiment; . 

FIG. 33 is a longitudinal sectional view of the transistor 
along line XXXIII— XXXIII of FIG. 32; 

FIG. 34 is a plan view of a horizontal power MOS 
transistor according to a ninth embodiment; 

FIG. 35 is a longitudinal sectional view of the transistor 
along line XXXV— XXXV of FIG. 34; 

FIG. 36 is a longitudinal sectional view of the transistor 
along line XXXVI— XXXVI of FIG. 34; 

FIGS. 37A-37B are illustrations showing a horizontal 
power MOS transistor (IGBT) according to a tenth embodi- 
ment; 

FIG. 38 is a conceptual diagram for explaining an opera- 
tional principle; 

FIG. 39 is a conceptual diagram for comparison; and 
FIGS. 40A-40B are diagrams showing a horizontal power 
MOS transistor for explaining a background art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First embodiment 

A first embodiment in which the present invention is 
embodied will be hereinafter described in accordance with 
the accompanying drawings. 



FIG. 1 shows a longitudinal section of a semiconductor 
device in this embodiment. In this embodiment, an SOI 
substrate is used. More particularly, a thin monocrystal 
silicon layer (monocrystal semiconductor layer) 3 is formed 
5 on a silicon substrate 1 via an insulating film (silicon oxide 
film) 2 to constitute the SOI substrate. In the monocrystal 
silicon layer 3, trenches for device separation 4 reaching the 
insulating film 2 are formed. A large number of device 
formation islands are sectioned and formed by this trench 4. 
10 Concerning the trenches for device separation 4, silicon 
oxide films 5 are formed on sides of the trenches 4, and 
polysilicon films 6 are filled inside the silicon oxide films 5. 
In FIG. 1, a first device formation island is a logic portion, 
in which a CMOS transistor is formed. In addition, a second 
15 device formation island is a bipolar transistor portion, in 
which an NPN transistor is formed. A third device formation 
island is a power MOS portion, in which a horizontal power 
MOS transistor (trench gate type LDMOS) is formed. 
In addition, in the respective island (the first to the third 
20 device formation island in FIG. 1), embedded N + layers 7, 
8, and 9 with a concentration of about 1.0xl0 19 /cm 3 are 
formed in bottoms thereof, and portions above the embed- 
ded N + layers are N" layers 3 with a concentration of about 
1.0x10 15 /cm 3 . In the following description, an N type is a 
first conductivity type and a P type is a second conductivity 
type. 

Concerning the CMOS transistor in the logic portion, a P 
well region 10 is formed for an N channel MOS in a surface 
lay^r portion of the N~ silicon layer 3. The P well region 10 
is formed to have an impurity concentration of about l.Ox 
10 17 /cm 3 . A source N + region 11 and a drain N + region 12 
are formed apart from each other in a surface layer portion 
of the P well region 10. In addition, a gate electrode 13 is 
arranged on the P well region 10 via a gate oxide film (not 
shown). 

As a P channel CMOS, a source P + region 14 and a drain 
P + region 15 are formed apart from each other in the surface 
layer portion of the N" silicon layer 3. Moreover, a gate 
electrode 16 is arranged on the N~ silicon layer 3 via a gate 
40 oxide film (not shown). 

Concerning the NPN transistor in the bipolar transistor 
portion, a P well region 20 is formed in the surface layer 
portion of the N" silicon layer 3, and an emitter N region 21 
and a base P + region 22 are formed apart from each other in 
a surface layer portion of the P well region 20. An emitter 
contact N + region 23 is formed in the emitter N region 21. 
In addition, a collector N region (deep N region) 24 is 
formed apart from the P well region 20 in the surface layer 
portion of the N~ silicon layer 3. The collector N region 
(deep N region) 24 reaches the embedded N + layer 8. An N + 
contact region 25 is formed in a surface layer portion of the 
"collector N region (deep N region) 24. The base P + region 
22, the emitter contact N + region 23, and the N + contact 
region 25 have a high concentration (1.0xl0 2O /cm 3 ) and are 
in contact with a base electrode, an emitter electrode, and a 
collector electrode, respectively. 

The horizontal MOS transistor in the power MOS portion 
will be described. Details of a Y portion in FIG. 1 will be 
described with reference to FIGS. 2, 3, 4, and 5. FIG. 2 is a 
plan view of the horizontal MOS transistor. FIG. 3 shows a 
longitudinal sectional view along line Ill-r-III 0 f FIG. 2, 
FIG. 4 shows a longitudinal sectional view along line 
IV— IV of FIG. 2, and FIG. 5 shows a longitudinal sectional 
view along V— V of FIG. 2. In this MOS transistor, devices 
are integrated with the N" silicon layer 3 as a semiconductor 
substrate, and an upper surface (3a) of the N" silicon layer 
3 is set as a principal surface of the semiconductor substrate. 
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As shown in FIGS. 3, 4, and 5, an embedded N" 1 " layer 9 gate electrode 37 is embedded in the trench 35. In addition, 

having a concentration of about 1.0xl0 ,9 /cm 3 is formed in as shown in FIG. 5, a polysilicon gate electrode 39 doped 

a bottom part in an island, and the N~ silicon layer 3 having with phosphorus is also formed on the substrate surface 

a concentration of 1.0xl0 15 /cm 3 is formed in a portion (principal surface 3a) via a gate oxide film (gate insulating 
above the embedded N + layer 9. 5 film ) 38. As shown in FIG. 4, in the region where the trench 

In FIG. 3, a base P region 30 is formed in a surface layer 35 is formed, the polysilicon gate electrode 39 arranged on 

portion in the N" silicon layer 3 (principal surface 3a of the lhe sut >strate surface and the polysilicon gate electrode 37 in 

substrate). A depth of the base P region 30 is 1 .0 to 1 .4 urn. ln r e trench 35 overla P in a widlh bv aboul 1 um - ^ ran S e 

In addition, a concentration in the base P region 30 continu- °f 0VC ? a P '? na ™ wed j n this polysilicon gate 
ously increases from a bottom to a surface thereof. More io e,eclrode h 39 ,s ,* l( * ed a ? d /| mo f ved as ^ 35 possible in the 

specifically, the concentration is l.SxlO'W on the sur- " h 5I e lh f e trench 3 f 5 ,s ^ ed > . for Pacing the gate 

n „A 1 < v ini6 /r ,^3 »u a *u t i tu *u electrode 39 as far away from the portion above the source 

face and 1.5x 0 /cm at the depth of 1 urn Thus, the ^ f ion 31 a$ ^ ag shQ ^ [n nG § 

concentration at the depth of 1 um i s one tenth of that on the As * hown in pjQ 3> a source electrode 40 md a drain 

surface Such a concentrauon gradient can be realized by a electrode 41 m formed above lhe N . silicon layer 3 . 

generally used semiconductor manufactunng process such 15 source N+ region 31 ^ tne base contact P+ region 34 m 

as ion implantation or thermal diffusion, whereby the base P electrically connected to the source electrode 40. The drain 

region 30 can be manufactured at low cost. n+ region 32 is electrically connected with the drain elec- 

A source NT region 31 is formed shallower than the base trode 41. 

P region 30 in the surface layer portion of the N" silicon Since a depth of the trench 35 (gate electrode 37) affects 

layer 3 (principal surface 3a of the substrate) in the base P 20 a withstand voltage, it is an important parameter in terms of 

region 30. The source N + region 31 has a surface concen- withstand voltage design. In the vicinity of the trench 35, 

tration of 1.0xl0 2O /cm 3 and a depth of 0.2 to 0.3 urn. concentration of electric fields occurs in a comer portion 

In the surface layer portion in the N" silicon layer 3 (Al in FIG. 4). Therefore, the withstand voltage is improved 

(principal surface 3a of the substrate), a drain N + region 32 if the electric fields in the vicinity of the corner portion can 

is formed in a position apart from the base P region 30. The 25 be relaxed. In order to relax the electric fields in the vicinity 

drain N + region 32 has a surface concentration of l.OxlO 20 / of the corner portion, it is sufficient to form a silicon region 

cm 3 and a depth of 0.6 to 1.2 urn. In a process of forming in the vicinity of the corner portion as a region with a low 

the drain N + region 32, ion implantation of phosphorus impurity concentration. Then, a depletion layer easily 

shares a mask with ion implantation for the emitter contact expands, and the electric fields can be relaxed. 

N + region 23 (see FIG. 1) of the bipolar transistor portion. 30 As shown in FIG. 3, in this embodiment, the N well region 

Consequently, the drain N + region 32 can be created without 33 is embedded in the region of 2 to 4 um from the surface, 

causing an increase in the number of masks. and the upper surface of the embedded N + layer 9 is in a 

In the surface layer portion in the N~ silicon layer 3 position of 6 to 7 um from the surface and the thickness 

(principal surface 3a of the substrate), an N well region 33 thereof is 3 to 5 um. Thus, an impurity concentration is low 

is formed to be deeper than the drain NT region 32 and to 35 at 1.0xl0 15 /cm 3 in a depth of 4 to 6 um from the surface, 

have a higher concentration than the N" silicon layer 3 in a Therefore, the depth of the trench 35 is set to 4 to 6 um. 

region including the drain N + region 32 and in contact with More particularly, the bottom corner portion of the trench 35 

the base P region 30. More specifically, in the N" silicon is set so as to be deeper than the N well region 33 and 

layer 3, the N well region 33 has a concentration of about shallower than the embedded N + layer 9. 

1.0xl0 I6 /cm 3 and is formed to overlap the base P region 30 40 Dependency of the depth of the trench 35 upon a with- 

with a concentrauon of about 1.0x1 0 17 /cm 3 . The N . well stand voltage was checked by simulation. As a result, it was 

region 33 has a depth of approximately 2 to 4 um. In found that a device having a withstand voltage of 41 volts at 

addition, in the N well region 33, a concentration increases a depth of a trench of 3 um had an improved withstand 

continuously from a bottom to a surface thereof. voltage of 65 volts at a depth of the trench of 5 um. 

In the surface layer portion in the N~ silicon layer 3 45 Next, operations of the horizontal power MOS transistor 

(principal surface 3a of the substrate), in particular, the base will be described. 

P region 30, a base contact P + region 34 is formed further on At the time when the device is OFF (drain potential: 0.2 

the drain N* region 32 side than the source N + region 31. volts, gate potential: 7 volt, source potential: 0 volt), since 

The base contact P* region 34 is shallower and has a higher electrons do not reach the base P region 30 from the source 

concentration than the base P region 30, and has a surface 50 N + region 31, an electric current does not flow, 

concentration of 1.0xl0 20 /cm 3 and a depth of 0.5 um. At the time when the device is ON (drain potential: 0.2 

As shown in FIG. 4, a trench 35 is formed in the N~ volts, gate potential: 7 volts, source potential: 0 volt), an 

silicon layer 3 (principal surface 3a of the substrate). As a inversion layer is formed in a portion which is in contact 

planar structure, the trench 35 is formed to penetrate the base with the gate oxide films 36 and 38 in the base P region 30. 

P region 30 as shown in FIG. 5 and in a direction toward the 55 Then, electrons reach the surface of the trench 35 and the 

drain N + region 32 from the source region 31 as shown inversion layer on the upper surface of the substrate from the 

in FIG. 2. More particularly, the trench 35 is formed so as source N + region 31. Next, the electrons reach the N well 

to cross the base P region 30 from the source N + region 31 region 33 from the surface of the trench 35 and the inversion 

and reach the N well region 33. In addition, as shown in FIG. layer on the upper surface of the substrate. At this point, 

2, the base contact P* region 34 is formed apart from the 60 since the depth of the trench 35 is 4 to 6 um and the depth 

trench 35 by a distance dl. More particularly, there is no of the N well region 33 is 2 to 4 um, the electrons reach the 

base contact P* region 34 in FIG. 5, which is a longitudinal depth of 2 to 4 um in the N well region 33. 

sectional view along line V— V of FIG. 2. Next, the electrons reach the drain N + region 32 from the 

As shown in FIG. 4, a gate electrode 37 is formed via a N well region 33. In this case, since the depth of the N* 

gate oxide film (gate insulating film) 36 in the inside of the 65 region 32 is 0.6 to 1.2 um, the electrons also exist in a deep 

trench 35. More specifically, polysilicon doped with phos- portion even as the electrons approach the drain N* region 

phorus is used for the gate electrode 37, and this polysilicon 32. 
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In this way, a path of the electric current is formed deep 
into the inside of the silicon layer 3 (or portion distant from 
the surface). Therefore, the ON resistance can be reduced. 
More specifically, as a simulation result, it was found that 
the above configuration achieved an ON resistance was 63.4 5 
m O-mrn 2 , which was about half compared with a conven- 
tional device having only a surface gate without using a 
trench gate. 

Next, operations in the case in which an electrostatic 
surge has penetrated into the semiconductor device will be 10 
described with reference to FIGS. 6 and 7. More specifically, 
operations in the case in which a positive surge, which 
particularly often becomes a problem among surges, pen- 
etrates from a drain will be described. 

In FIG. 6, a surge having penetrated from the drain N + is 
region 32 is absorbed in the ground by the base P region 30 
(mainly the base contact P* region 34) through the N well 
region 33. At this point, since the surge penetrates the 
semiconductor device through the N well region 33 and also 
through the base P region 30 (mainly the base contact P + 20 
region 34), there is almost no increase jn potential of the 
base P region 30 due to surge penetration (an increase in 
potential due to a parasitic resistance in the base region 30 
is suppressed). Consequently, a parasitic diode Dl, which is 
formed between the base P region 30 and the source N + 25 
region 31, operates less easily, and a parasitic NPN bipolar 
transistor Ql, which is formed of the source N + region 31, 
the base P region 30, and the N region (mainly the N well 
region 33), also operates less easily. Therefore, concentra- 
tion of electric currents on a specific cell due to a parasitic 30 
bipolar operation becomes less likely to occur, and a surge 
current capacity increases. 

In particular, the base contact P + region 34 is formed 
between the source N + region 31 and the drain N + region 32 
for reducing a parasitic base resistance. Detailed description 35 
will be made with reference to FIGS. 38 and 39. FIG. 38 is 
a diagram corresponding to this embodiment, in which a 
base contact region is formed on the right in the figure, that 
is, on a drain region side with respect to a source region. 
FIG. 39 is a diagram for comparison, in which a base contact 40 
region is formed on the left in the figure, that is, on the 
opposite side of a drain region with respect to a source 
region. In FIG. 39, a transistor is susceptible to a surge of 
electrostatic discharge or the like. A mechanism leading to 
this surge destruction is as follows. When a surge penetrates 45 
into the transistor, a potential in the base region increases 
due to a parasitic resistance (parasitic resistance in a hori- 
zontal direction) in the base region. Therefore, a parasitic 
diode between the base region and the source region oper- 
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tive device becomes unnecessary, and significant reduction 
of cost can be realized. This embodiment has the following 
characteristics discussed below, 

(A) As shown in FIGS. 3 and 4, the trench 35 is formed 
in the principal surface 3a of the N~ silicon layer 
(semiconductor substrate) 3 to penetrate the base P region 30 
in the direction toward the drain N + region 32 from the 
source N* region 31 as a planar structure thereof. Thus, by 
adopting the trench gate structure, an electric current path 
can be extended in the depth direction, and the ON resis- 
tance can be reduced. In addition, in the surface layer portion 
on the principal surface 3a, the well region 33 is formed 
deeper than the drain N + region 32 and with a higher 
concentration than the N~ silicon layer 3 in the region which 
includes the drain N + region 32 and is in contact with the 
base P region 30. Thus, a surge having penetrated from the 
drain N + region 32 penetrates into the N well region 33 and 
flows on the surface side of the base P region 30 through the 
N well region 33 having a low resistance (since the base 
contact P* region 34 is provided in this embodiment in FIG. 
6, mainly flow in this region) to be absorbed in the ground 
by the source electrode 40. Therefore, since the surge never 
flows in a vertical direction in the base P region 30, a 
parasitic resistance of the base P region 30 decreases, and the 
transistor becomes resistant to the surge. 

(B) In at least the surface layer portion on the principal 
surface 3a in the base P region 30, the P type base contact 
region having a high concentration (the base contact P + 
region 34) is formed shallower than the base P region 30 
between the source N + region 31 and the drain N + region 32. 
Consequently, as shown in FIG. 38, there is little parasitic 
resistance in the horizontal direction in the base region at the 
time of surge penetration. Thus, an increase in a base 
potential is small, and the parasitic diode between the base 
region and the source region operates less easily. As a result, 
the parasitic bipolar transistor consisting of the substrate, the 
base region, and the source region performs the ON opera- 
tion less easily, and concentration of electric currents can be 
prevented. 

(C) A concentration increases continuously from the bot- 
tom to the surface in the N well region 33. Thus, a surge is 
flown to the surface of the N well region 33, whereby it 
becomes easy to flow the surge to the surface of the base P 
region 30, and a path of the surge in the base P region 30 is 
shortened. Consequently, a parasitic base resistance can be 
reduced to suppress an increase in a potential of the base P 
region 30, and a surge current capacity can be improved. 

(D) The base contact region (base contact P* region 34) 
is formed apart from the trench 35, and the gate electrode 39 



ates. As a result, a bipolar transistor with an NPN structure 50 is formed on the principal surface 3a via the gate oxide film 



consisting of a substrate, the base region, and the source 
region is turned ON to cause electric currents to concentrates 
on a specific cell. On the other hand, in FIG. 38, the base 
contact region is arranged on a side closer to the drain region 
viewed from the source region. Thus, a surge can be directly 
extracted without passing it through the base region, little 
parasitic resistance exists in the base region, and the para- 
sitic bipolar operation can be eliminated. 

As described above, in this embodiment, the horizontal 
power MOS transistor with a high surge current capacity can 
be provided. In particular, in the simulation result, endur- 
ance of an electrostatic test (see FIG. 7: 150 O, 150 pF) was 
16.0 kV. More particularly, a high surge current capacity of 
15 to 30 kV in an electrostatic test, which is required of a 
semiconductor device for automobile, can be satisfied. In 
this way, in this embodiment, required high endurance can 
be realized without a protective device, an external protec- 



55 



60 



65 



(gate insulating film) 38. Thus, a region operating as a 
channel on the principal surface 3a of the substrate can be 
formed to reduce an ON resistance. 

(E) In the bottom of the N" silicon layer (semiconductor 
substrate) 3, the transistor has the N + type embedded layer 
(embedded N + layer 9) having a concentration higher than 
that of the N~ silicon layer 3, and the bottom corner portion 
of the trench 35 is made deeper than the N well region 33 
and shallower than the embedded N + layer 9. Thus, the 
vicinity of the bottom corner portion of the trench 35 where 
electric fields tend to concentrate is turned into a region with 
a low impurity concentration, whereby the concentration of 
electric fields can be prevented, and a withstand voltage can 
be improved. 

In FIG. 2, the base contact P* region 34 is formed apart 
from the trench 35 by the distance dl. However, as shown 
in FIG. 8A, the base contact P* region 34 may be formed to 
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contact the trench 35. In FIGS. 8A-8B, a channel is not 
formed on the substrate surface. Next, FIGS. 8A-8B will be 
compared with FIGS. 9A-9B. In FIGS. 9A-9B, a base 
contact P* region 34' is formed on the left in the figure, that 
is, on the opposite side of the drain N + region 32 with respect 5 
to the source N + region 31. Here, in FIGS. 8A-8B, an ON 
resistance per one cell is much higher from nonexistence of 
a surface gate (planer gate). However, in FIG. 8A, since the 
portion where the base contact P + region 34' exists in FIG. 
9B is deleted, an area of one cell is reduced. Therefore, in io 
FIGS. 8A-8B, regardless of the deletion of the surface gate, 
it becomes possible to have the same degree of ON resis- 
tance per a unit area as that in FIGS. 9A-9B. 

In this way, by adopting the structure of FIGS. 8A-8B, the 
horizontal power MOS transistor with a high surge current is 
capacity can be provided while the ON resistance per a unit 
area is maintained. 

In addition, in FIG. 3, the base contact P + region 34 is 
formed so as to reach the inside of the N well region 33 from 
the base P region 30. However, the base contact P + region 34 20 
may be formed only in the base P region 30 as shown in FIG. 
10. 

(Second Embodiment) 

Next, a second embodiment will be described focusing on 
differences from the first embodiment. 25 

FIGS. 11 A-11B shows a horizontal power MOS transistor 
in this embodiment. A plan view of the transistor is shown 
in FIG. 11 A and a longitudinal sectional view of the tran- 
sistor is shown in FIG. 11B. 

As compared with the first embodiment, in this 30 
embodiment, a source N* 4 " region 50 also shares a mask with 
the emitter contact N + region 23 of the bipolar transistor 
portion (see FIG. 1), and is formed as deep as 0.6 to 1.2 urn. 
Consequently, while the depth of the source N + region 31 of 
FIG. 3 is 0.2 to 0.3 urn, in FIG. 11B, a depth of the source 35 
N + region 50 is set to 0.6 to 1.2 um. In addition, the base P 
region 51 is also formed as deep as 2 to 2.6 um as the source 
N + region 50 is formed deep. 

With such a structure, an electric current can be flown to 
the deeper portion of the trench 35 than in the first embodi- 40 
ment. 

(Third Embodiment) 

Next, a third embodiment will be described by empha- 
sizing differences with the first embodiment. 

In the case of the first embodiment shown in FIG. 4, as 45 
shown in FIGS. 12A-12B, the polysilicon gate electrode 39 
on the substrate surface tends to be over-etched. More 
particularly, the polysilicon gate electrode 37 inside the 
trench 35 is over-etched by about 0.4 urn from a surface 
thereof, and an electronic current may not flow in a place 50 
where there is no gate electrode. More specifically, as shown 
in FIG. 13, a polysilicon film 60 is formed so as to fill 
polysilicon in the trench 35, a surface of the polysilicon film 
60 is planarized by etching, and the polysilicon film 60 is 
etched with a mask 61 arranged thereon. Then, as shown in 55 
FIG. 12, over-etching of about 0.4 um occurs. 

Thus, this embodiment copes with the problem as 
described below. 

FIGS. 14A-14B show a horizontal power MOS transistor 
in this embodiment. A plan view of the transistor is shown 60 
in the upper part of FIG. 14A, and a longitudinal sectional 
view of the transistor is shown in the lower part of FIG. 14B. 

In FIGS. 14A-14B, the polysilicon gate electrode 39 on 
the substrate surface is arranged to be extended to an upper 
position on the side of the source N + region 31. More 65 
particularly, the polysilicon gate electrode 37 is also 
arranged in the opening of the source N + region 31 on the 



side of the trench 35. Consequently, an area through which 
an electric current flows can be increased, and the transistor 
becomes preferable for practical use. 
(Fourth Embodiment) 

Next, a fourth embodiment will be described by empha- 
sizing differences with the first embodiment. 

In the case in which the MOS transistor shown in FIGS. 
2 to 5 is manufactured, formation of the base contact P + 
region 34 is usually performed as follows. First, as shown in 
FIG. 15, P* ions are implanted in a predetermined region 
using a mask 70 (boron or BF 2 is used as an impurity). Then, 
as shown in FIG. 16, annealing is performed. Moreover, an 
oxide film 71 is deposited on a device surface (upper 
surface), and as shown in FIG. 17, a contact hole 72 is 
formed in the oxide film 71. In this series of steps, since 
boron or BF 2 , which is implanted as an impurity in order to 
form the P + region, has a large diffusion coefficient, it easily 
reaches the trench 35 to cause an increase in a threshold 
voltage Vt. 

Therefore, this embodiment copes with the problem as 
described below. 

First, as shown in FIG. 18, after performing annealing of 
the N + regions 31 and 32 after ion implantation, an oxide 
film 73 is deposited on a device surface (upper surface). 
Moreover, as shown in FIG. 19, a contact hole 74 is formed 
in the oxide film 73. Then, as shown in FIG. 20, P + ions are 
implanted in a predetermined region using a mask 75 (boron 
or BF 2 is used as an impurity). Moreover, annealing is 
performed as shown in FIG. 21. 

According to this process, diffusion of P* can be sup- 
pressed. 

As described above, in this embodiment, a method of 
manufacturing a semiconductor device, in which the base 
contact P + region 34 is formed apart from the trench 35 as 
shown in FIG. 2, includes the following steps. First, as 
shown in FIG. 19, after forming the base P region 30, the 
source N + region 31, the drain N + region 32, the N well 
region 33, and the trench 35, the silicon oxide film 
(insulating film) 73, in which a region where a base contact 
is planned to be formed is opened as a contact hole, is 
arranged on the principal surface 3a. Second, as shown in 
FIGS. 20 and 21, ion implantation is performed using the 
silicon oxide film (insulating film) 73 as a mask to form the 
base contact P 1 " region 34 apart from the trench 35 in the 
surface layer portion on the principal surface 3a. Thus, the 
impurity for forming a base contact region is prevented from 
diffusing to reach the trench 35. 
(Fifth Embodiment) 

Next, a fifth embodiment will be described by emphasiz- 
ing differences with the first embodiment. 

FIGS. 22A-22B show a horizontal power MOS transistor 
in this embodiment. A plan view of the transistor is shown 
in FIG. 22A, and a longitudinal sectional view along line 
XXII— XXII of the transistor is shown in FIG. 22B. FIG. 23 
shows a longitudinal sectional view of the transistor along 
line XXIII— XXIII in FIG. 22. 

The embedded N + layer 8 among the embedded N + layers 
7, 8, and 9 in FIG. 1 is used in a bipolar transistor, whereas 
the embedded N + layer 9 in FIG. 3 may not be provided. In 
this case, since there is no potential difference between the 
gate electrode in the trench 35 and the embedded insulating 
film 2, a withstand voltage does not fall even if the trench 35 
is formed to be deep. Therefore, in this embodiment shown 
in FIGS. 22A-22B and 23, the trench 35 is formed to be in 
contact with the embedded insulating film 2. In this 
structure, since the trench for device separation 4 (see FIG. 
1) and the trench 35 for MOS gate have the same depth, both 
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the trenches can be created in an identical process. More (Seventh Embodiment) 

particularly, by using the SOI substrate and adapting the Next, a seventh embodiment will be described by empha- 

trench 35 to reach the embedded insulating film 2 of the SOI sizing differences with the first embodiment, 

substrate, the trench for device separation 4 and the trench FI G . 27 shows a plan view of a horizontal power MOS 

for MOS gate 35 can be created s.multaneously. Therefore, 5 transistor in lhis embodiment. FIG. 28 shows a longitudinal 

S„! P „Tf C ° r, h b6 t aChieVe r Y v ei sectional view of the transistor along line XXVIII-XXVIII 

In addition, in this case, the thickness of the si icon film ,„ tt cm m u i ^ i . t 

on the insulating film 2 only has to sufficient for allowing the Z ! i ?' r ° ^iT f US? ° f 

depth of the N well region 33 to be secured. Thus the ^ tranS1 , Stor ine ™-XXIX in FIG. 27. FIG. 30 

thickness can be as small as 2 to 4 urn. Further, because the ^ Y a i ong '^ nal ^Uonal view of the transistor along 

trench for device separation 4 (see FIG. 1) can be created by 10 5 XXX— xxx ,n FIG - 11 - 

etching silicon by 2 to 4 urn, cost for etching can be reduced. In this embodi m e nt. as shown m FIG. 27, square source 

More particularly, by using the SOI substrate and setting the cells 42 md S( * uare drain cells 43 m arranged alternately 

• thickness of the N" silicon layer (semiconductor layer) 3 on lengthwise and crosswise adjacent to each other (the cells 

the embedded insulating film 2 in the SOI substrate to the m arranged in a matrix shape). Moreover, FIG. 27 also 

depth of the N well region 33 to reduce the film thickness of 15 shows a layout of an external circumferential portion of a 

the N" silicon layer 3 as much as possible, the depth of the group of cells. 

trench for device separation 4 can be reduced, and cost for FIG. 31 is a plan view of a horizontal power MOS 

etching in creating the trench 4 with etching can be reduced. transistor for comparison. The figure shows a layout of an 

(Sixth Embodiment) external circumferential portion of a group of cells in the 

Next, a sixth embodiment will be described by empha- 20 casein which a layout of a stripe shape is adopted unlike this 

sizing differences with the first embodiment. embodiment. 

FIG. 24 shows a plan view of a horizontal power MOS This embodiment will be hereinafter described in detail, 

transistor in this embodiment. FIG. 25 shows a longitudinal In this embodiment, a layout is adopted in which the 

sectional view of the transistor along line XXV— XXV of source cells 42 and the drain cells 43 are arranged alternately 

FIG. 24. FIG. 26 shows a longitudinal sectional view of the 25 in the plan view of FIG. 27. Each of the cells 42 and 43 is 

transistor along line XXVI— XXVI. laid out in a square s'hape, and a length of one side is 6 to 

In the plan view of FIG. 24, the N well regions 33 are 7 urn. 

arranged in a lattice shape (formed lengthwise and The base P region 30 is formed in the surf ace layer 

crosswise), and the drain N + regions 32 are formed inside the portion in the source cell 42. In FIG. 27, the base P region 

respective N well regions 33. The N well regions 33 are 30 30 is formed in a circular shape. The N well region 33 is 

surrounded by the base P regions 30. In this way, the drain formed around the base P region 30, and as shown in FIG. 

N + regions 32 and the N well regions 33 form an island 29, an end of the base P region 30 overlaps an end of the N 

shape, and the base P.regions 30 exist around them (the drain well region 33 in the surface layer portion. In addition, the 

N + regions 32 and the N well regions 33 are surrounded by source NT region 31 is formed in a cross shape inside the 

the base P regions 30). The source N + regions 31 are formed 35 base P region 30. The base contact P + region 34 is formed 

in the surface layer portions in the base P regions 30 so as inside the base P region 30, and the base contact P* region 

to surround the N well regions 33. More particularly, the 34 is divided into four regions by the source N + region 31. 

drain N + regions 32 are laid out so as to surround the source The trench 35 extends form a tip portion of the source N + 

N + regions 31. In addition, in the surface layer portions in region 31 of the cross shape and traverses the base P region 
the base P regions 30, the base contact P+ regions 34 are 40 30 to reach the N well region 33. As shown in FIG. 28, the 

formed around the N well regions 33. Moreover, the gate electrode 37 is formed inside the trench 35 via the gate 

trenches 35 are formed so as to be in contact with both the oxide film 36. 

N well regions 33 adjacent to each other. In the drain cell 43 of FIG. 27, the surface layer portion 

In this layout, since the drain regions 32 and the N well serves as the N well region 33, and the drain N+ region 32 

regions 33 are surrounded by the base P regions 30, an 45 is formed inside thereof (see FIGS. 28 and 29). 

electric current path can be widened. Consequently, a surge In addition, in FIG. 27, the source cell 42 is formed in the 

current capacity can be improved at the time of surge outermost circumferential portion of the group of cells. The 

penetration. In addition, in this layout, wider base contact P + outermost circumferential portion is constituted only by the 

regions 34 can be achieved. Therefore, concentration of source cell 42 in this way, the following effects are realized 

electric currents on the base contact P + regions 34 can be 50 compared with the layout in FIG. 31 (layout in the stripe 

prevented at the time of surge penetration to improve a surge shape). 

current capacity. A mechanism of brake down in the outermost circumfer- 

In addition, in this embodiment, as shown in FIG. 24, an ence of the group of cells will be described with reference 

interval between drains is 6 to 8 urn and a cell size is 6 to to FIG. 31. 

8 urn. Thus, an area of one cell is 36 to 64 urn 2 . In 55 The end of the base P region 30' is formed in a semicir- 

comparison of the first embodiment (FIGS. 2 and 3) and this cular shape in the outermost circumference of the group of 

embodiment (FIG. 24), in FIG. 3, an interval between a cells, and a PN junction portion between the base P region 

source and a drain is 5.0 to 6.5 urn and an interval between 30' and the N well region 33' has a radius of curvature Rll. 

drains is 10 to 13 um, and in FIG. 2, an interval between In the PN junction portion with the radius of curvature Rll, 

trench gates is 3.6 to 5 um. Thus, an area of one cell is 36 60 electric fields tend to concentrate, and a hole is easily 

to 65 um 2 . As a result, since the area does not increase even generated due to impact ionization. The hole turns into a 

if the layout of the first embodiment (FIGS. 2 and 3) is base electric current of a parasitic bipolar to cause a parasitic 

changed to the layout of this embodiment, a surge current bipolar operation, and electric currents concentrate on the 

capacity can be improved without increasing an ON resis- external circumferential portion to cause destruction, 

tance. However, since the device of this embodiment has a 65 On the other hand, in FIG. 27, the source cell 42 is formed 

smaller interval between drains than the first embodiment, a in the outermost circumferential portion of the group of 

withstand voltage is about 20 volts. cells, a PN junction portion between the base P region 30 
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and the N well region 33 has a radius of curvature RIO in the 
source cell 42, and this radius of curvature RIO is larger than 
the radius of curvature Rll in FIG. 31 (R10>R11). In this 
way, the transistor can be designed without reducing the 
radius of curvature .of the PN junction portion (without 
increasing a curvature). Therefore, destruction in a corner 
portion at the time of ESD can be reduced. 

In this way, the external circumferential portion is con- 
stituted only by the source cell 42 as shown in FIG. 27, 
whereby surge destruction can be prevented compared with 
the layout of FIG. 31 (layout of the stripe shape). 

In addition, an electrode size in FIG. 27 is as described 
below. 

The drain electrode 41 is formed on the surface of the 
drain N + region 32 and has an area in one cell of about 1 
urn 2 . However, the source electrode 40 is arranged on the 
source N + region 31 and the base contact P* region 34 and 
has an area in one cell of about 2 um 2 . Here, an area of a part 
of the source electrode 40 existing on the source N+ region 
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With this structure, the following effects are realized 
compared with the structure shown in FIG. 31. 

In the stripe structure of FIG. 31 , the radius of curvature 
Rll at the end of the base P region 30' in the outermost 
5 circumference of the group of cells is small (curvature is 
large). Therefore, electric fields tend to concentrate, impact 
ionization occurs, and a hole is easily generated. The hole 
turns into a base electric current. to turn ON the parasitic 
NPN transistor, which is formed of the source N + region 31', 
1Q the base P region 30', the N region (mainly the N well region 
33'), to easily cause electric current concentration destruc- 
tion due to a specific cell. 

On the other hand, in FIGS. 32 and 33, the source 
region 31 in the outermost circumference of the group of 
cells is not formed to prevent a parasitic bipolar transistor 
15 from being formed. In addition, the P* region 46 with a high 
concentration is formed on the surface of the base P region 
30, whereby generation of a hole is suppressed. Moreover, 
the source contact 44 in the outermost circumference of the 
group of cells is made larger than the inner source contact 45 
31 is about 1 um , and a part existing on the base contact P + 20 such that a hole is easily dissipated. In this way, a surge 



region 34 is about 1 um 2 . 

Then, at the time when the device is ON (drain potential: 
0.2 volts, gate potential: 7 volts, source potential: 0 volt), an 
electric current flows from the source N + regions 31 to the 
source electrodes 40. At this point, an area of a portion used 
as an electrode is 1 um 2 , which is equal to the area of the 
drain electrode 41. Therefore, deviation of an electric cur- 
rent is reduced, and the electric current flows to each cell 
uniformly. 

In the case in which an electrostatic surge penetrates into 
the device, since the device operates as a diode, an electric 
current flows from the base contact P* region 34 to the 
source electrode 40 (see FIG. 6). In this case, an area of a 
portion used as an electrode is about 1 um 2 , which is. equal 
to the area of the drain electrode 41. Therefore, since 
deviation of an electric current is reduced, a surge current 
capacity is improved. 
(Eighth Embodiment) 

Next, an eighth embodiment will be described by empha- 
sizing differences with the first embodiment. 

FIG. 32 shows a plan view of a horizontal power MOS 
transistor in this embodiment. FIG. 33 shows a longitudinal 
sectional view of the transistor along line XXXIII— XXXIII 
in FIG. 32. 

This embodiment has a structure in which cells in an 
outermost circumference in a group of cells are different 
from the other cells. More particularly, at least a source 
contact 44 in the outermost circumference in the group of 
cells, in which cells are provided in parallel adjacent to each 
other, is made larger than an inner source contact 45 (a 
source contact is large only in the outermost circumference 
of the group of cells). 

In addition, a base contact P* region 46 is formed in a 
position where at least the source N + region 31 in the 
outermost circumference is planned to be arranged in the 
group of cells in which cells are provided in parallel adjacent 
to each other, instead of the source N + region 31. The base, 
contact P* region 46 is formed at least in the surface layer 
portion on the principal surface 3a in the base P region 30 
with a higher concentration than the base P region 30 (more 
specifically, the base contact P* region 46 is shallower than 
the base P region 30). More particularly, the source N+ 
region 31 does not exist in the cells in the outermost 
circumference in the group of cells, and the P* region 46 is 
formed instead of the source n+ region 31. More particularly, 
as shown in FIG. 33, the surface of the base P region 30 is 
covered by the P + region 46. 
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current capacity can be improved. 

Note that, if the cells in the vicinity of the outermost 
circumference in the group of cells are formed with the same 
structure as 'those in the outermost circumference, EST 
endurance is further improved. 
(Ninth Embodiment) 

Next, a ninth embodiment will be described by empha- 
sizing differences with the eighth embodiment. 

FIG. 34 shows a plan view of a horizontal power MOS 
30 transistor in this embodiment. FIG. 35 shows a longitudinal 
sectional view of the transistor along line XXXV— XXXV 
in FIG. 34. FIG. 36 shows a longitudinal sectional view of 
the transistor along line XXXVI— XXXVI in FIG. 34. 

As a planar structure, the drain N + region 32 is surrounded 
by the source N* region 31 and the base contact P* region 
47. More particularly, the P + region 46 in the outermost 
circumference in the eighth embodiment (FIG. 32) is 
extended to surround the drain N + region 32. 
Simultaneously, the source contact 44 is also formed in the 
upper portion of the P + region 47 and arranged so as to 
surround the drain N + region 32 in the same manner. 

In this case, a diode structure is obtained in which the 
drain N + region 32 is a cathode and the P+ region 47 is an 
anode. This diode can be used as a protective diode by 
setting a withstand voltage (breakdown voltage) of the diode 
lower than a withstand voltage (breakdown voltage) of the 
transistor in the inside. In order to set the withstand voltage 
(breakdown voltage) low, more specifically, for example, a 
distance X2 between the drain N + region 32 and the P+ 
region 47 in the outermost circumference is set smaller than 
a distance XI between the drain N* region 32 and the base 
contact P* region 34 inside the transistor. Thus, in the case 
in which a surge penetrates into the drain N + region 32, the 
following situation occurs. The surge is about to penetrate 
into the base contact P* region 34 inside the transistor and 
the P* region 47 in the external circumferential portion 
through the N well region 33. However, since a withstand 
voltage (breakdown voltage) between the P* region 47 in the 
external circumferential portion and the drain N* region 32 
is lower than a withstand voltage between the base contact 
P + region 34 inside the transistor and the drain N* region 32, 
the surge flows to the external circumferential portion, and 
the transistor in the inside is protected. In this way, a surge 
current capacity can be improved. 
(Tenth Embodiment) 

Next, a tenth embodiment will be described by empha- 
sizing differences with the first to the ninth embodiments. 
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FIGS. 37A-37B show a horizontal power MOS transistor 
according to this embodiment. A plan view of the transistor 
is shown in FIG. 37A. A longitudinal sectional view of the 
transistor is shown FIG. 37B. 

In the first to the ninth embodiments, the invention is 
applied to a MOSFET However, in this embodiment, the 
invention is applied to an IGBT (insulating gate type bipolar 
transistor). More particularly, a P + region 80 is formed 
instead of the drain N + region 32 in FIG. 3 and is used as a 
collector region (collector P + region). The source region is 
turned into an emitter region (emitter NT region 31). In 
addition, the electrode 40 is turned into an emitter electrode, 
and the electrode 41 is turned into a collector electrode. The 
N well region 33 functions as a base region.* 

A structure in the case in which the invention is applied 
to the IGBT can be implemented in the same manner as the 
case of the MOSFET described above (in the same manner 
as the first to the ninth embodiment). 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 

What is claimed is: 

1. A semiconductor device comprising: 

a source region of a first conductivity type; 

a base region of a second conductivity type formed in a 
surface layer portion on a principal surface in a semi- 
conductor substrate of a first conductivity type, the 
source region being formed to be shallower than the 
base region in the surface layer portion on the principal 
surface in the base region; 

a drain region of the first conductivity type formed in a 
position apart from the base region in the surface layer 
portion on the principal surface; 

a well region of the first conductivity type disposed in the 
surface layer portion on the principal surface and 
formed to be deeper than the drain region and to have 
a higher concentration than the semiconductor sub- 
strate in a region including the drain region and in 
contact with the base region; 

a trench formed in the principal surface of the semicon- 
ductor substrate to penetrate the base region in a 
direction toward the drain region from the source 
region as a planar structure thereof; 

a gate electrode formed via a gate insulating film in the 
inside of the trench; 

a source electrode electrically connected to the source 
region; and 

a drain electrode electrically connected to the drain 
region. 

2. A semiconductor device according to claim 1, wherein 
the concentration of the well region increases continuously 
from a bottom to a surface. 

3. A semiconductor device according to claim 1, wherein, 
at least in the surface layer portion on the principal surface 
in the base region, a base contact region of the second 
conductivity type is shallower and has a higher concentra- 
tion than the base region and is formed between the source 
region and the drain region. 

4. A semiconductor device according to claim 3, wherein 
the base contact region is formed apart. from the trench, and 
a gate electrode is formed on the principal surface via a gate 
insulating film. 
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5. A semiconductor device according to claim 4, further 
comprising: 

an embedded layer of the first conductivity type having a 
higher concentration than the semiconductor substrate 
formed in a lower portion of the semiconductor 
substrate, wherein a bottom surface corner portion of 
the trench is deeper than the well region and shallower 
than the embedded layer. 

6. A semiconductor device according to claim 1, further 
comprising: 

an embedded layer of the first conductivity type having a 
higher concentration than the semiconductor substrate 
formed in a lower portion of the semiconductor 
substrate, wherein a bottom surface corner portion of 
the trench is deeper than the well region and shallower 
than the embedded layer. 

7. A semiconductor device according claim 1, further 
comprising another gate electrode arranged in an opening of 
the source region on a side of the trench. 

8. A semiconductor device according to claim 1, wherein 
the semiconductor substrate comprises an SOI substrate, and 
the trench is formed to reach an embedded insulating film of 
the SOI substrate. 

9. A semiconductor device according to claim 1, wherein 
the semiconductor substrate comprises an SOI substrate, and 
a thickness of a semiconductor layer on an embedded 
insulating film in the SOI substrate is substantially equal to 
a depth of the well region. 

10. A semiconductor device according to claim 1 , wherein 
the drain region and the well region form an island shape, 
and the base region exists around the drain and well regions. 

11. A semiconductor device according to claim 1, further 
comprising a source cell and a drain cell arranged alternately 
lengthwise and crosswise adjacent to each other. 

12. A semiconductor device according to claim 1, further 
comprising at least a source contact in an outermost circum- 
ference in a group of cells provided in parallel adjacent to 
each other and that is set larger in size than inner source 
contacts. 

13. A semiconductor device according to claim 1, further 
comprising a base contact region of a second conductivity 
type having a higher concentration than the base region, 
wherein the base contact region is formed in at least the 
surface layer portion on the principal surface in the base 
region in a position where at least the source region in an 
outermost circumference in a group of cells provided in 
parallel adjacent to each other is arranged. 

14. A semiconductor device according to claim 13, 
wherein the drain region is surrounded by the source region 
and the base contact region as a planar structure. 

15. A method of manufacturing the semiconductor device 
of claim 1, the method comprising: 

arranging an insulating film on the principal surface in 
which a region where a base contact is to be formed is 
opened as a contact hole, after forming the base region, 
the source region, the drain region, the well region, and 
the trench; and 

performing ion implantation using the insulating film as a 
mask to form a base contact region apart from the 
trench in the surface layer portion on the principal 
surface. 
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